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7 A Bmplrfeal Parameters cf Solvent Poiarlty/tom Spectroscopic Meawremmis . 241 

ch^mcteriatic of the solv^ril and R gives the suBceptibiUty of the given property towards 
a change of solvent. As a standard process, Brown$tein £65] choso the CT ^'bsosption 
of Ko8o\ver*s dye [35], aud assigned to it an /(-valw of 1.00. Havitig chosen a standard 
fiolveni and ft standard reaction, it was th^n possible to calculate R and fi'-vaJues for 
other raactiona and Bolvents, respectively. From Ko&owcr's work, 58 .^-values were used 
to determine iC^valucg for 9 reactions. In a continuation of this process, 158 ♦S-valnes 
and 7S /t-valucs were deduced, inLclnding /J-vaJues for solvent-dependent UV/Vis, IR, 
and NMR absorptions, rates of reactions, and positions of equilibria [65]. The •S'-valnes 
represent statistical averages of a variety of ditfenOTt solvent polarity parameters, in- 
cluding 2: and y, and therefore^ cannot be related to a specific model process. In principle, 
this is an interesting attempt at gcneraliKation but many of the correlations used to 
calculate J? and iS-valncs arc rather poor. It would seem chat too many different solvent" 
dependent processes are being mixeiS-up and treated in an ovcrStmpliflBd way. 

The practical limitations in the Z-value approach can be overcoino by using 
pyridinium-7/-phenoxidc betainc dyes such Vi% (29a) as the standard. They exhibit a 
strongly solvatoohromic Tt-^n^ absorption band with intramolecular charge-transfer 
character {cf. discussion of this dye in Section 6.2.1, its Cf^/V js spectrum in Fig, 6-2, and 
its dipole moment in dectronic ground and excited state xhentioned in Table dye 
no. 12), 



(29a}; R* = R=^=H; R^^^QH^ 
r1 (29b}: R^-R^r^CH^i R^^C^H^ 

1 29c) : - R» = CH, ; R^ = ^iCU^'h 
(29d): R^=H; R*«=:Br; R*n=QH, 

Dimroth and coworkers [66] have proposed a solvent polarity parameter^ -BrC^O), 
based on the transition energy for the loogest-wavclength. solvatochromic absorption 
band of the pyddinium-ZV-phenoxidc betaJne dye (29a) (dye no. 30 in refi?rence [66]). 
According to Eq. (7-^22), the £^»(30)" value for a solvent is simply defined as the transition 
energy of the dissolved betaine dye (29a) measured in kcaJ/mol [2, 66-68] (for con- 
version into SI units see footnote on page 237). Tho m^ox advantage of thig approach 
is that the solvatochromic absorption band is at longer wavelengths for (29q) than for 
Kosowcr*s dye, generating an ej^traordinarily large range for the solvatochromic be- 
havior (from A-=810 nm, £t(30>«'35-3, for diphcnylether. to A«453 nm, £V(30)«p^63,l> 
for water). Since the greater part of this solvatochromic range lies within the visible 
region of the specif um» it is even possible to make a visittd estimation of solvent polarity. 
For OTamplej the solution color of (29a) is red in methanol, violet in ethanol, greon 
in acetone, blue in isoamyl alcohol, and grecnish-yellow in anisole (66]. A remark- 
able feature of these solution color changes is that nearly every color of the visible 
spectrum can be obtained by applying suitable binary mixtures of solvents of dilTer- 
cj^t polarity. To. date, the betaine dye (29a) holds the world record in aolvatochro- 
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mimi with a hypsoofuomic slilft of more than 350 nm (AEr ca. 28 kcal/mol-ll? 
IcJ/moI) in the case of a solvent chtmgp from diphenylether to water* Owina to this 
exceptionally large dispkcemont of the solvatochromic absorption ban4 the ^(30)- 
valiies provide an excellent and very asuaitive charapterizatioo of the polarity of solvCTts 
high ^x(30).valTie3 oorrespoacUng to high solvent polarity. ^{30)wvalue8 have been 
detwmmcd for more than 100 pure sglvcnts [2, 661 and for a number of binary solvent 
imxtiiws [68-^72, 72a]. A collection of £VC30).valucs wcaenting the moat oomprehcnitive 
CEapincal solvent polarity scale so far known Is givcai in Table 7-3. 

Table 7-3. Bmpirical parftmetor of solvent polarity^ £VC30), basod on tho 

jolVBtodironw8mof2.6'<liphenyl-4-C2Ae-lnplienyl^l^ 

(bctain? gyo no. 30 Ux rcfbrHocc [66]), measured at 25 and 760 torr. 

Solvfsatfi i5:r(30) 

[kcal/'mo]] 

Water , " 

2,2,2-TrifluoroeLhflnoI 
2|2^y3-Tetrafluar{>- 1 •'propanol 
Glycerol 

1.2- £thflnedfol 
Methanol 

1.3- PiQpanodiol 
1,2-PtopancdjQl 
ATwMethylfomiamidc 
Diethylena gjlycal 
Uthanol/Watcr (80 : 20) 
Tricthylc^o glycol 
2*MothaxyethanoJ 
7V*-Mctby]acetamide 
Ethanol 

2-Ajnu)Qi^thanQj 
Acetic acid 
Benzyl alcohol 
1-Propoiiol 

1- Bu(anol 

2^Methyl-l*jpropanoU Isobatyl alcohol 

2- Propanbl 
Cyclopen(;anQl 
2,6-Djinethylpheuol 

2- ButanoJ 

3- McihyH-butanol> Isoamyl aloohol 
Cydohexanol 

4- Methyl-1,3wdioxQl«2-onc5. Propyleae carbcmatA 
2"Pentatioi 
riltrodnethane 
Aootocilrile 
3-Fentaiiol 
I^imetbylBulfoxld^ 
AniUne 

Tetranft^bexylammonium benzoate 
Tetrahydrothlophene-] J -dioxide . 
2^Methy!-a-propanpl» tert-Bntyl oJcobol 



63.1 

59.5 

59.4 

57,0*V 

56,6 

56,3 

55.5 

54,9^> 

54.1 
53.8 
53,7 
53.5 
52.3 

51.9 

51.8 

51.2**> 

50.8 

50.7 

.50,2 

49.0 

4S.6 

47,7 

47.6 

47.1 

47.0 

46.9 

46,6 

46.5 

46-3 

46.0 

45.7 

45J0 

44.3 

44-3 

44.0 

43.9*^ 
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